Thermal denaturation of protein in cured pork meat that contains different amounts of sodium chloride (NaCl) was analyzed using differential scanning calorimetr y (DSC). Three endothermic peaks that correspond to myosin, sarcoplasmic proteins and collagen, and actin were affected by the curing process. Denaturation of actin occurred at a lower temperature in line with the increase in the amount of NaCl in the meat sample. In addition, the endothermic peak of myosin disappeared when the NaCl level exceeded 20 mg/g. The influence of the NaCl level on the kinetic constant of protein denaturation and temperature dependency were studied using the DSC dynamic method. As the level of NaCl in the meat increased, the thermal-denaturation rate constant of each protein increased. Especially, the rate constant for actin increased remarkably, e.g. rate constant at 70℃ increased from 0.1 min -1 (2 mg/g of NaCl）to 1.75 min -1 (40 mg/g of NaCl). Using both the averaged activation energy of each protein (Myosin: 2.41×10 2 kJ/mol, Sarcoplasmic proteins and Collagen: 3.26×10 2 kJ/mol, Actin: 2.50×10 2 kJ/mol) and the empirical equations that represent NaCl dependency of preexponential factor in Arrhenius equation, denaturation rate constant at arbitrary temperature was able to be obtained.
INTRODUCTION
A lot of operating conditions in the food manufacturing process have been decided based on the experience.
Recently, however, the acquisition of the scientific data needed to verify the validity of various processes is being requested by a food manufacture and a food machinery company. It is guessed to the background of such a request to assume the reducing of the energy consumption or the CO 2 emissions will be imposed on the food industry in the near future. In addition, in order to sustain and provide the food safety, showing the information about the history of various treatments during processing and describing the change of the quality are needed.
Especially, the ability to predict unsteady-state changes during heat treatment is ver y important for optimum thermal processing in the food industry.
In meat processing, thermal denaturation of muscle proteins such as myosin, sarcoplasmic proteins and collagen, and actin, occurs at dif ferent temperatures. To describe those reactions during thermal processing, temperature dependency of the reaction rate constant is necessary. Moreover, it is important to specify the factor that causes it for the temperature dependency. A lot of detailed studies have already been reported for the muscle protein such as myosin and actin, etc. [1] [2] [3] [4] . The kinetic of F-actin denaturation has been also studied [5] .
However, these researches showed the behavior not of the meat block directly but of the isolated protein, because the experiment in the solution of the isolated myosin, actin etc., and it is based on the aspect of polymer gel formation.
Differential scanning calorimetry (DSC) is appropriate
technique for obtaining thermal denaturation phenomena of meat block directly. Many research projects have investigated the thermal properties of various meat proteins, such as for beef, pork, and fish, using DSC [6] [7] [8] .
However, there is little information available about the kinetics of protein denaturation. Wagner et al. 1985; Findlay et al. 1986 obtained the kinetic constant for thermal denaturation of a meat muscular protein using the DSC dynamic method [9, 10] . Unfortunately, they only performed a limited investigation with respect to beef samples.
Traditional smoked ham is manufactured through a series process; curing (soaking in a pickle), drying (50～ 65℃), smoking (60～75℃), and heat sterilization (75～ 1996; have reported on the effect of NaCl on protein denaturation though examinations made using the DSC method [13] [14] [15] [16] . In addition, when pork tissue is treated with increasing NaCl concentrations, the number of peaks is reduced and maximum temperatures of the peaks changes. While a lot of knowledge about the thermal stability of meat protein with NaCl has been collected, as mentioned above, there is no information about the kinetics of pork meat protein.
In this study, we focus on the thermal denaturation of protein in cured pork meat. The influence of the NaCl level on the kinetic constant of protein denaturation and temperature dependency are studied using the DSC dynamic method, which was conducted under non-isothermal conditions.
MATERIALS AND METHODS

Samples
Meat Sample 1
Pork sirloin, which is the most common cut for roast ham, was used for the samples. A pork sirloin block (140 mm×80 mm diameter, 500 g) was soaked in 1000 g of pickle solution (10.8 wt% of pickle powder whose main components were shown in Table 1 ) at 3～4℃ for a week.
pH and Na concentration of the pickle solution were 7.13 (7.8℃) and 6.18 wt%. After curing, the center and surface of a pork sirloin block was cut into cubes (1.0×1.0×1.0 cm 3 , approx. 1.5 g) for measurement of Na concentration.
20 mg of sample was taken out of the surface and the center of cured meat block for the DSC measurement.
Meat Sample 2
A pork sirloin block was cut into cubes (1.0×1.0×1.0 cm 3, approx. 1.5 g), which were cured in a pickle solution (10.8 wt%) at 3～4℃. The curing times were 0, 5, 10, 15, 20, 25, 30, 60, 120, 180, 240 and 300 min. After curing, the samples were wiped with cotton paper and stored at 5℃
for 24 hours to allow the equilibrium value of the salt concentration in the sample to be reached. Twenty-four hours is sufficient time for reaching equilibrium, because the diffusion coefficient of NaCl in pork sirloin is 0.2× 10 -9 m 2 /s [15] . We got samples of varied NaCl levels (2-40 mg/g) by varied curing times.
Measurement of Na concentration
Sodium concentration in the meat samples was determined using an atomic absorption spectrophotometer (AA-6400, Shimadzu. co, Japan) at 589 nm an air-acetylene flame.
Preparation of sample solutions
After homogenizing the meat samples (1.5～2.0 g), the NaCl in the sample was extracted using 100 ml of 0.1 N HCl at 5℃ for 5 days. Next, the extraction liquid was centrifuged at 10000 rpm (36894×g) for 15 minutes, and the resulting clear supernatant liquid was diluted and measured by atomic absorption spectrometry.
DSC experiment
The DSC experiments were conducted using a Perkin Elmer Pyris1 (USA). Samples of about 20 mg were placed in aluminum sample pans (KIT NO, 0219 -0041) and hermetically sealed. Then, the samples were heated from 30℃ to 110℃ at different heating rates β(β＝10, 12, 15, 17, 20, 22, 25 , 27, 30℃・min -1 ). The peak temperatures (T max ), which were observed in the DSC curve, were determined for each run. The reference pan contained 15 μl of distilled water.
RESULTS AND DISCUSSIONS
DSC measurement
DSC measurement of a pork sirloin block that had undergone curing treatment (Meat Sample 1) was conducted. Onset (T 0 ) and peak temperature (T max ) are shown in Table 2 . The endothermic spectrum was different between the center and surface of the cured meat sample. The thermogram for the center of the cured block sample shows three endothermic peaks with T max (denaturation peak temperature) values of near 50℃, 60℃, and 70℃, which corresponds to myosin (Ⅰ), sarcoplasmic proteins and collagen (Ⅱ), and actin (Ⅲ), which are the major proteins of meat [10, 15, 17] . In the literature repor t about meat protein, other endothermic peaks, e.g. dissociated myosin, have been detected by DSC [3] . However, these experiments were performed in the extracted solution system, not using intact meat tissue. In the case of using the intact tissue system like this work, only three major peaks are detected clearly. The detection sensitivity in DSC experiment might be one reason causing such phenomena. T 0 of the actin peak for the cured meat sample at the center was 70℃, and at the surface it was 68.6℃, while that of an untreated meat sample was 76.7℃. The amount of NaCl in a cured pork sirloin block, measured using an atomic absorption spectrophotometer, is also shown in the table. The center contained 15±1.6 mg/g of sample of NaCl, while the value was 28±1.9 mg/g of sample at the surface. Based on the NaCl diffusion in pork meat experiment [18] , it might be enough time to reach the equilibrium value of the salt concentration in the meat block sample (meat sample1). However, NaCl level was remarkably high, because only the surface of meat was exposed directly to the curing brine. It is seen that the denaturation temperature of actin shifted to a low temperature when the amount of NaCl in the meat block was higher. Moreover, in the thermograms of the surface, Peak I (myosin) disappeared as a result of the high NaCl level. The endothermic peak (53～55℃) of myosin derived from the idea that denaturation secondary structure of myosin tail or tertiar y structure of myosin [20] [21] [22] [23] [24] [25] . And, by adding NaCl, a fibroid myosin is distributed to monomolecular.
Therefore, the thermo-stability and the endothermic peak of myosin might be lost by structural change. The effect of NaCl on the thermal denaturation of pork muscular protein has been already shown using the DSC method [15] . However, a sequential analysis of NaCl dependency has not been shown. So, they correspond to a sequential analysis of NaCl dependency. Table 2 T 0 and T max of pork sirloin block (Sample 1) treated with pickle solution and untreated, during heat scanning at 10℃/min (myosin (Ⅰ), sarcoplasmic proteins and collagen (Ⅱ), and actin (Ⅲ)). where C 0 is the concentration of nondenatured protein at initial value and C t is that at time t, and X is the nondenaturation ratio, which is a dimensionless parameter.
Moreover, the temperature dependency of the reaction rate constant k is represented by the following Arrhenius equation.
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where Z is the pre-exponential factor of the Arrhenius equation, E a is the activation energy, R is the gas constant, and T is the temperature. If these Arrhenius parameters are obtained, the reaction rate constant k at an arbitrary temperature is available and the change in thermal denaturation of meat protein during thermal processing can be calculated. Then, we applied the DSC dynamic method [19] , which was conducted in a non-iso- Fig. 2 . The plot gives a straight line, the slope and intercept of which are used to determine E a and Z. Table 3 shows the kinetic parameters, i.e., activation energies and the pre-exponential factors, for the meat muscular protein both in the center and the surface part of cured pork block (meat sample 1). In the surface and the center, while NaCl level is greatly different between them, the activation energy might be almost same because the order in those value is equal. On the other hand, the pre-exponential factors (Z values) didn't show For myosin, the slopes of the Ozawa plot which conducted about the cured samples (7 samples) including salt ranges from 2 mg/g to 20 mg/g were averaged. For sarcoplasmic proteins and collagen, and actin, the averaged values were obtained from the cured samples including NaCl ranges from 2 mg/g of sample to 40 mg/ g of sample (9 samples) used. The results were shown in Table 3 together with standard deviation. Those values were good agreement with the results in cured pork block (meat sample 1). In addition, each standard deviation for three meat proteins was sufficient small against the mean value. Thus, the pre-exponential factors (Z value) were calculated from Eq. (4) by using measured T max which depends on NaCl level and constant E a (averaged values shown in Table 3 ). Figure 3 showed the relationship between the NaCl level and the pre-exponential factor calculated by assuming that the activation energy is constant. The pre-exponential factor of each protein increased as the NaCl level increases, among them actin was especially remarkable. The exponential curve fitting was executed and the following empirical equations (Eqs.5, 6, 7) were obtained. (7) where x is the NaCl concentration (mg/g of sample), and y is the pre-exponential factor, Z [min -1 ] .
The lines in Fig. 3 are the calculated results from Eqs. (5), (6), and (7). Those empirical equations showed almost agreement with the measurement value of actin and sarcoplasmic proteins and collagen, though myosin was not enough.
Because above Arrhenius parameters were obtained, the reaction rate constant k at an arbitrary temperature is available and the change in thermal denaturation of meat protein during thermal processing can be calculated.
Based on the Eq. (2) and Eq. (3), the change of the protein denaturation ratio in cured pork during heating was estimated. Figure 4 shows that the cur ve for thermal denaturation along with heat treatment. The rate constant of cured meat containing 2.6, 8.4, and 19.7 mg/g of NaCl was used, and heating at 15℃/min was assumed.
Each curve corresponds to the denaturation processes of myosin, sarcoplasmic proteins and collagen, and actin.
We assumed that the temperature at which the nondenaturation ratio became 0.999 was defined as the beginning of denaturation, and 0.001 was defined as the conclusion of denaturation. When a time course of protein denaturation was differentiated with time, inflection point which corresponds to the peak temperature T max in DSC measurement could be obtained. Figure 4 shows clearly the T max shifted to the low temperature as increasing the NaCl level in cured pork sample. Especially, T max of the actin shifted to the low temperature remarkably.
Calculated T max (corresponds to the inflection point in As a reason for this phenomenon, the endothermic peak (53～55℃) of myosin derived from the idea that denaturation secondary structure of myosin tail or tertiary structure of myosin [20] [21] [22] [23] [24] [25] . And, by adding NaCl, a fibroid myosin is distributed to monomolecular.
Therefore, the thermo-stability and the endothermic peak of myosin might be lost by structural change. In the case of meat solution, when heating 60～70℃, the extracted myosin combined with actin to become actomyosin reinforcing netlike structure to stable and bonding pieces of meat [26] . In the DSC measurement of F-actin and actomyosin unit, T max of F-actin is 70, 80℃
but T max of actomyosin is 51.5, 60, and 73℃ [3] . When increasing of the extracted myosin by NaCl to become actomyosin, the ther mo-stability of actin might decreases. However, it should be verified whether behavior at a molecular level and in the solution system mentioned above can be applied to the meat tissue. 
CONCLUSIONS
Thermal denaturation of protein in cured pork meat that contains different amounts of NaCl was analyzed using DSC. Three endothermic peaks were detected whose T max value was near 50℃, 60℃, and 70℃, that correspond to myosin, sarcoplasmic proteins and collagen, and actin.
T max of actin shifted to a low temperature by increasing the amount of NaCl. Along with actin behavior, the T max of sarcoplasmic proteins and collagen approaches the T max of actin. Myosin peak disappeared when the NaCl level exceeded 20 mg/g. The influence of the NaCl level on the kinetic constant of protein denaturation and temperature dependency was studied using the DSC dynamic method. As the level of NaCl in the meat increased, the heat-denaturation rate constant of each protein increased. Especially, the rate constant for actin increased remarkably, e.g. rate constant at 70℃ increased from 0.1 min -1 (2 mg/g of NaCl)
to 1.75 min -1 (40 mg/g of NaCl)
Using both the averaged activation energy of each pro- 
